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ABSTRACT

The performance of electronic devices, especially computers,
depends on the efficiency of the electronic chips and Computer
processing units, which are mainly made of semiconductors, so
their working efficiency is inversely proportional to their
working temperature. Therefore, this paper presents an
experimental investigation of the design, implementation, and
testing of three cooling systems to maintain the temperature of
the processing unit as minimum as possible. The first is a
traditional system dissipates heat from the working fluid to the
air through a finned tube heat exchanger. The second
successive hybrid system was designed to integrate with the
first one in addition to a thermoelectric cooling system to cool
the working fluid. The third system included in addition to the
traditional heat dissipation one, an intercooler cylinder with a
large quantity of the working fluid in the main system beside a
separate system for cooling the working fluid using
thermoelectric cooling to ensure sufficient cooling of the
processing units when working at high frequencies by
providing a large capacity of working fluid pre-cooled to a low
temperature. Comparing the experimental results of the
cooling systems with the traditional one under the same test
conditions showed that the second system led to a reduction in
the temperature of the processing unit by 5.2%, while
employing the third system reduced the temperature to
11.3%., When the thermoelectric cooling unit operates at a
performance factor of about 1.76.

1. Introduction

The performance of electronic devices, particularly
computers, depends on the performance of
electronic chips, CPU and GPU, since these units are
considered sources of heat, which negatively
affects their performance and thus negatively
affects the work of electronic devices, so there was
a need to cool these electronic parts to maintain
their performance and prevent damage. Many
companies, centers and research institutions have

provided experimental and numerical research to
solve this problem by providing multiple and
innovative types of cooling systems. Most of the
research presented in this field has relied on
employing traditional cooling types (forced air-
cooled heat sink) as a basis comparison when
combining other types, comprising cooling systems
(water-air), heat pipes, and thermoelectric cooling,
while utilizing cooling liquid containing
nanoparticles. The research group presented
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water-air cooling systems using nanomaterials to
improve heat transfer by increasing the heat
capacity of the liquid and improving its density [1].
In this experimental study, two models of coolers
were presented that operate on the principle of
immersing processors in a phase-transformed
substance to absorb the largest amount of heat,
thereby lowering the temperature of the central
processor. This also leads to a reduction in the
energy spent on cooling compared to the
traditional method. The results also showed that
the direct contact is the most convenient and least
energy-efficient method [2]. Many studies have
shown the possibility of using a thermoelectric
cooling system directly or a water-cooling system
to cool electronic chips, CPU and GPU. These studies
highlighted the significance of considering both the
type and number of semiconductor pairs and
determining the the unit's capacity. It was
recommended that it work at the highest
performance and not at the highest thermal
capacity [3]-[7]. A model of the behavior of the heat
transferred from a tablet was tested using the
COMSEL optimization module, by employing
moving asymptotes as an algorithm to improve
heat transfer. In practice, three heat sinks were
made of aluminum (reinforced and non-reinforced)
with a basic heat sink in the shape of the letter L.
The results showed that the designed heat sinks
successfully dispersed heat efficiently [8]. Studies
have also demonstrated the potential use of a heat
pipe or a heat pipe without a wick (thermosiphon),
either through direct return or through a loop, with
high efficiency in dispersing heat. This heat
exchanger relies on the latent heat of evaporation
to extract heat, allowing it to be dispersed over a
large area from its source. In practice, three heat
sinks were made of aluminum (reinforced and non-
reinforced) with a basic heat sink in the shape of
the letter L. The results showed the designed heat
sinks' success in efficiently dispersing heat [8].
Studies have also shown the possibility of utilizing
a heat pipe or a heat pipe without a wick
(thermosiphon), either direct return or through a
loop, with high efficiency in dispersing heat. This
type of heat exchanger relies on the latent heat of
evaporation to extract the heat, allowing it to be
dispersed over a great area from its source. The
system is acceptable, considering the quality of the
working fluid, the filling ratio, and the number of
tubes used [9]-[19]. These numerical investigations
demonstrated that employing foam matrix to the
inner fins of the water-cooled exchanger leads to
improved cooling of electronic chips, as the results

showed an improvement in heat release by a rate of
50% [20]. A numerical study of a miniature system
for cooling electronic chips using a microchannels
exchanger, where the heat was removed using a
vapor pressure system operating with refrigerant
R134a. In addition, the Fluent program was
employed to analyze the heat distribution between
the central processor unit and the cold surface,
showing acceptable accuracy [21]. A numerical
study showing the effect of the air temperature of
the test environment on improving the cooling of
the electronic memory card. It was found that the
heat transfer coefficient is directly affected by the
ambient temperature, which affects the operation
of the integrated cooling system [22]. To improve
heat management, a hybrid cooling system was
designed to improve cooling procedures by
regulating the withdrawal and release of heat from
the phase change material, which was reinforced
with a porous metal to increase the heat capacity
relative to the volume, and to remove heat, a heat
pipe was added to accelerate the work of the
cooling system, which achieved good results in its
work [23]. An experimental study used a typical
cooling system by circulating distilled water,
adding 25% Arteco-Freecor solution, and releasing
heat through the forced air. The results showed
that the cooling of the central processor unit
improved compared to cooling using the traditional
system [24]. Based on the concept of an energy
storage unit, this experimental study presented a
practical design for a passive heat sink (HS) using
phase change material (PCM) and adding in
nanomaterials (NPCM) to cool electronic chips with
a heat flow of 2000-4000 W/m?2. The results for
both steady state and transient states showed that
adding PCM to store energy reduced the
temperature of the chips by 22 °C, and that the
temperature reduction depends on the percentage
of PCM [25].

2. The novelty of this work

This work aims to improve the performance of
computer processing units by designing and
manufacturing a hybrid successive cooling system
that works on the dissipation of heat from the
primary working fluid and cooling it through a
successive intercooling cylinder that is cooled
using a TEC system and operates within close to its
maximum COP, using an intercooler cylinder to
store large quantities of working fluid to avoid the
sudden overheating of computer processor units
when working at high frequencies.
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3. Experimental setup

A main modular cooling system was designed and
implemented to be innovative. It was then develoed
into a hybrid cooling system in different patterns
by adding a thermoelectric cooling system, a flat
block heat exchanger integrated with finned heat
pipes, and an intercooling cylinder, as shown in the
schematic diagram in Figure 1.

3.1. Basic cooling system water-air heat
exchanger

As shown in Figure 1, the developed cooling system
consists of a central processor simulation unit
consisting of an aluminum plate 3x3 ¢cm ,1mm in
thick, below which are strips of Teflon (a thermally
conductive electrical insulator) with a PCB layer,
and between them is an electrical heater wire 7.3
ohms, while a layer from the thermal gasket
covering it. The heater was thermally insulated
from all directions except the upper side. To cool
the CPU simulation unit, a flat copper block water
heat exchanger was used (2.5x2.5 cm with 1 mm
thick), through which distilled water passes as the
working fluid. Cold distilled water enters the heat
exchanger, and the water leaves it after gaining
heat to an air-water flat finned tube HE (16x12x2.7
cm), that was, the forced air driven by a DC fan
(12x12 cm) works to remove heat from the water,
then water leaves to digital flow meter, and then
water drawn through a diaphragm reciprocating
water pump that pumps the water and returns it to
the flat copper block heat exchanger to remove the
heat generated in the central processor simulation
unit due to the temperature difference between
CPU and water. As shown in Figure 1, the cooling
system is equipped with DC power supply (APS
3005D), to feed electricity to the electrical heater at
selective voltage applied, and another DC voltage
regulator power supply (LM317_employ to feed
electricity to the water pump No. -1, and the system
is also equipped with an electrical power stabilizer
(TM-1000 VA.C). The cooling system is equipped
with a reader data acquisition, data logger system
(Lab Jack U6 pro+CB37 terminal board) connected
to a computer to read and store the temperatures
of the CPU, the test-conditioned environment and
the temperatures of the path of distilled water in
the cooling system. The flat-block heat exchanger
also has a differential digital manometer (HT-1890)
to measure the pressure drop through it. To read
the water flow rate through digital sensor YF-S401

(0.3-6 LPM), it connected to the PC by
microcontroller Arduino mega-2560.

3.2 Modified hybrid cooling system (water-air-
TEC)

To improve the performance of the basic cooling
system used to cool the central processor
simulation unit, a successive combined cooling
system was added through which water passes
after it leaves the heat exchanger (air-water). The
combined cooling system consists of a
thermoelectric cooling unit (TEC). The cold surface
of TEC is connected to a block heat exchanger using
a thermal paste (k=2 W/m. °C). The hot surface of
the TEC is cooled through a cooling system of
finned heat tubes integrated with a flat aluminum
plate. The thermoelectric cooling unit was fed with
DC voltage using Dc-power supply PS-305DM. A
three-phase brushless electric motor was used
using an electronic speed controller ESC and servo
motor tester with three channels to remove heat
from the finned heat pipe.

In this modified hybrid cooling system, water flows
through heat exchangers successively. As the water
enters the main heat exchanger to cool the central
processor simulation unit, it moves to the heat
exchanger (air-wate) to release the heat, passes
though the block heat exchanger of the
thermoelectric cooling system to cool it, and
decreases its temperature, and then returns to the
central processor simulation unit to cool it.

3.3. Modified hybrid cooling system (water-
air/TEC-Intercooler cylinder)

Changes were made to the first developed hybrid
cooling system by manufacturing and adding an
acrylic intercooling cylinder (Di=5 cm, H=15 cm,
wall thickness=0.55 cm) (Figure 1), which
represents a change in the amount of working fluid
in the central system within the flow path. So, it can
be considered an accumulator tank for working
fluids. An aluminum coil is inserted an into the
cylinder. It is made of an aluminum tube with a
nominal diameter of 0.652 cm and a length of 80
cm. The nominal diameter of the aluminum coil is
3.2 cm. The working fluid of the auxiliary system is
cooled by using a thermoelectric cooling system
that has been separated from the central system
with the addition of a second diaphragm pump to
circulate the secondary working fluid (distilled
water) into the auxiliary system
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.1.a. Schematic drawing of the basic and modified hybrid cooling system depending on the case of operation.
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Figure 1.b. Photograph of the practical test device.

after cooling it to the coil that was inserted in the
intercooling cylinder to cool the working fluid in
the main system. This means that the fluid stored in
the intercooling cylinder can be cooled before
operating the computer or electronic system.

4. Test method

Basic tests of cooling systems were adopted to
determine the values of test variables standard to
the developed hybrid cooling systems. The value of
the heat generated by the central processor
simulation unit was determined by the voltages
applied to the electric heater and within the
capabilities of the power supply. Therefore, the
values of DC voltages applied are 5, 10, 15, 20, 25,
and 30 DC volts. The volumetric flow rates of the
working fluid coolant (distilled water) in the main
path of the cooling system are 22.5, 38.5,52.5, 63.5,
and 73 liters per hour. Within the tests of the first
developed hybrid cooling system, all values applied
to the main system are adopted, with constant
voltage applied to the thermoelectric cooling unit at
values of 6, 8, 10, and 12 DC volts.

For the second developed hybrid cooling system,
the results of the first developed hybrid cooling
system are adopted Figure 1, in addition to
calculating the optimal performance factor for
thermoelectric  cooling and adopting the
temperature difference measured between the hot
and cold surfaces. Therefore, the flow rate of the
working fluid for both the primary and accessory
cooling systems was determined, as 73 lph. It also
adopted a constant voltage of 6 DC volt depending
on the temperature diffrence between the hot and
cold sides and the heat rejection rate from the hot
side in the TEC and its optimum performance.

5. The relevant calculations

The heat generated in the CPU simulation unit by
multiplying the DC voltage applied and the
measured amount of current passing through the
electrical heater can be determined by employing
(eq-1) [27]:

Q=VI D
In (eq-1), assume that all electrical power
(depending on the applied voltage and current
drawn) will be converted into thermal power
While heat removed by flat block HE-1 can be
determined using below equation [27].

Q, =m,, Cp, AT (2)
In general, the amount of heat entering and leaving
the system was calculated by adopting the values of
the temperature diffrence to determine whether
heat is added to or reject from the system,
depending on whether the resulting signal is
positive or negative.

So AT: represent temperature of working fluid
outlet from HE minus temperature of working
fluid inlet to the HE. So (eq-2) can be re-written
as;

Qr =my, Cpy (Ty—o — Ty-y) 3)
The same thing applies to other heat exchangers,
noting that in the HE-1, the heat generated by the
central processor simulation unit is removed by
working fluid. In the HE-2, the working fluid
(distilled water) loses its heat by releasing it
through that exchanger. As for the third heat
exchanger, the working fluid is cooled within the
block heat exchanger unit-TEC (Case No. 2). While
in (Case No. 3), the working fluid in the main system
is selected after heat is released to the intercooling
cylinder to be cooled by the working water in the
ancillary system. Where the water is cooled a
thermoelectric cooling system.

Calculating the cooling capacity of the working fluid
is directly through the block HE with
thermoelectric cooling (Case No. 2) or indirectly via
the intercooling cylinder (Case No. 3). Therefore,
the calculation of the cooling capacity in (Eq-1),
taking consideration the temperature. The result is
negative because the fluid is being cooled. That is,
the temperature value in HE-1 is positive (heat
entering the system), for HE-2 the system releases
heat, so the value is negative, and in HE- 3 the
system is cooled, meaning the value is also
negative. In HE-1, the temperature value is positive
(representing heat into the system). In HE-2, the
system rejects heat, thus the value is negative. In
the same way, in HE-3, the system is cooled, and the
value is also negative.

Q. =my, Cpy, (Tyy—o — Ty—y) €©))
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To balance heat generated in the CPU simulation
unitand heatreleased in HE-1, and cooling working
fluid either directly with block HE-3-TEC integrated
system or indirectly through intercooler cylinder,
as presented in the (eq-5).
Qg =0+ 0. %)
Assume all flexible joints are insulated.
To determine the efficiency of HE-1 by employing
the equation below [28], [29];

_ & _ mw pr (Tw—o - Tw—i) 6
NHE-1 = Q, = VI (6)
Where the efficiency of heat transform from the
source (CPU simulation) to its coolant water is less
than 100% because of the difference in heat
balance, the diffusivity of HE material and the low
conductivity of thermal past (about 2.0 W /m.K) .
To determine the cooling capacity through
the TEC system, as it can be calculated through (eg-
4). It was assumed that all heat removed from
working fluid was absorbed by the cold surface of
TEC through a block heat exchanger and thermal
past, so (eq-4) becomes as follows;
Qc = Qw-rec =My, Cpy (Tw—o - Tw—i) (7)
Also the heat removed at the cold junction surface
for the TEC can be determined by [30];

1
Qc-rec = 2N [SITC -5 g - KGAT] (8)

1.p
Qc—rgc = 2N [PI - 512 i KGAT] 9)

Each Joul effect and thermal conductivity of the
semiconductors reduced the cooling capacity of the
TEC.

For the TEC1-12706-T200, all variables in the
equation above are evaluated at an average of
measuring temperature [31], so, the values of the
variables change according to the working
conditions.

Sm = 2Ns
Ry =2N%2 (10)
K, =2NGK

where, s,p,k are the physical properties of the
material for TEC, while S,,, R,, and K,,, are the
physical characteristic of the TEC cell as device. So
it can rewrite (eq-8) as;

Qc-rec = Sm I T; _% I?Ry, — K AT (11)
Qn-rgc = Sm I Ty + 0.5 I?R,, — K, AT (12)
Prge = IV|7gc (13)
So it can be written the power balance equation

Prgc = Qn-rec — Qc-tEC (14)

Energy consumption should be prepared as low as
possible to ensure the main cooling system works
successfully.

Therefore, it is important to operate the TEC not at
its maximum cooling capacity but near the
optimum coefficient of performance [30], or which
is achieved at the optimum current [32], [33].

C.0.P = Qe-rrc

PTEC

T[T+ 2 Toe — 2 | (15)
(Th = TH[1+ 1 +Z Tope

kAT G+ (1 + ZTp0e) )]
ot S Tave
While determining current ratio for the TEC
element I/1I,,, , thus L, is defined by (eq-17,18)
[32]:

Inax = (K2) [(1+ @2 Ty)V2 1] (17)

I
V =2N [(EP) +(S AT)] (18)
To calculate the efficiency of the block HE-3 for
cooling the working fluid, (eq-19) is employed [28].
Qc mw pr (Tw—o - Tw—i)

Nug-3 = = (19)
T Qree  2N[SIT, — 1121 — KGAT)

C.0.Pyp; =

(16)

6. Result and discussion

The efficiency of HE-3 becomes lower than HE-1
due to the transfer of heat from the hot surface to
the cold surface of TEC with the effect of the type of
cooling of the hot surface. After conducting
preliminary experiments to cool the CPU
simulation unit traditionally through a forced air
heat sink, it was found that there was a significant
Temperature change that could lead to damage to
the central processing unit or negatively affect its
working efficiency. Therefore, a water-air heat
exchanger was used (see Fig. 1). The results of the
tests for Case-1, under the specified test conditions,
showed that the use of this system is effective
within the thermal capabilities that reach up to 96
watts, as demonstrated for the temperatures fig-2
at the applied voltage of 25 on the electrical heater.
The results show that the flow rate of the working
fluid has a small effect, taking into account the
impact of the temperature of the test space (29-32
°C). It was found that there is a difference in the
temperature of the CPU simulation unit when it
operates at a thermal generation rate of 145 Watts.
Figure 3 shows the effect of the flow rate of the
working fluid on the amount of heat released at
different levels of heat generation. This effectis due
to the temperature of the test space, where the
amount of heat gained at the applied voltages of 5,
10, and 15 is less than the amount of heat
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generated. This is a critical case, as the temperature
of the working fluid at heat exchanger-2 decreases
due to the significant temperature difference. In
contrast the temperature difference at the first heat
exchanger decreases. This leads to an increase in
the temperature of the CPU simulation unit (i.e. its
heat storage temperatur).

In addition to the direct effect of the thermal paste
in the first heat exchanger, this can be evident from
the efficiency of the heat exchanger, which was
determined in a range of (82-88%). It was found
that increasing the flow rate has a clear impact
effect by reducing the temperature of the CPU
simulation unit while increasing the amount of heat
gained from it, as shown in Figure 3. Therefore, a
flow rate of 73 lph will be adopted in subsequent
tests. The results of Case-2 showed that the power
consumption of the thermoelectric cooling unit led
to a reduction in the temperature of the central
processor simulation unit by 5.2%, or by 6 °C, as
illustrated in Figure 4. The results for Case-3
showed a decrease in the temperature of the
central processor simulation unit by 11.3%, which
is double the percentage reduction observed for
Case-2, with approximately the same power
consumer. The working fluid was cooled within the
intercooling cylinder, which provides the initial

6.1. case-1 (a)

Voltage applied Mass flow rate for working fluid (38.5 Iph)
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cooling for a larger quantity than the working
quantity. This means that the heat generated in the
central processor simulation unit is removed
effectively, even with increases due to the use of
programs or graphics, which lead to higher
working frequencies.

Figure 5 shows a decrease in the temperature of the
CPU simulation unit, in addition to the amount of
heat gained from heat exchanger HE-1 and the heat
released from HE-2 due to the effect of TEC. Using
Eqg-5, clear balance is observed in reducing the
amount of heat in the cooled water through the TEC
when fed with 6 volts, which is close to the optimal
performance voltage. Moreover, feeding the TEC
with a higher voltage requires removing heat from
its hot side surface. The optimal current was 0.761
amps, and the optimal performance factor was
3.62. The performance factor for the operating
system was 1.76. This value indicates that the
system is approaching the optimal performance
range, and the low temperature difference between
the hot and cold surfaces [34]- [36]. A cooling
capacity of 28.6 watts was attained, with values
achieved at a maximum current of 6 amperes [36]
and a working current of 2.7 amps.
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Figure 2; CPU simulation unit temperature for different applied voltages and working fluid flow rate.
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Figure 3; The amount of heat gained from the CPU simulation unit by HE-1 and released by HE-2.

6.3. Compression result
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Figure 5; Results of the effect of employing a TEC unit and an intercooler cylinder.
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7. Conclusion

The second developed hybrid cooling system
represents a safety point specifically for computers
whose CPU and GPU operate at different speeds and
high frequencies, which allows them to be cooled
by the presence of a primary working liquid cooled
to relatively low temperatures and in pre-stored
quantities, which distinguishes them from all the
traditional coolers used. In particular, the effective
use of successive cooling systems emphasizes the
significance of continuous invention in thermal
management applications. There is a need for
progressive cooling technologies/systems, leading
to an increase power and compact of the electronic
devices. Therefore, upcoming growth research in
this field should emphasize more improving the
efficiency of cooling systems, incorporating clever
thermal management methods, and searching new
materials to obtain even better performance
advances and confirm the durability of electronic

chipsets.

The most important thing that was concluded
during the current experimental research is the
mechanism of operation of the hybrid cooling
system, which led to a significant reduction in the
temperature of the computer processor simulation
unit through the employment of three sequential
stages, which are:

- Transferring heat from the working fluid to the
space Using little energy

- Employing an intercooler cylinder with a sizeable
working fluid capacity, which ensures cooling of the
processor unit when operating at high frequencies
- Using thermoelectric cooling within an acceptable
coefficient of performance (by moving away from
the maximum cooling capacity), which requires a
special system to dissipate heat from the hot
surface in addition to a decrease in the coefficient
of performance, which means a high energy west,
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so this can be replaced by employing more than one
module of thermoelectric cooling with acceptable
cooling capacity and low energy consumption. The
above observation expresses the importance of the

current work.

Nomenclature

QC—TEC

A Area (m?)

CPU Central processor unit
GPU Graphical processor unit
TEC Thermoelectric cooler

Q Heat flow rate (Watt)

Q. Cooling capacity (Watt)

Cooling capacity by TEC (Watt)

Qq Heat generated by the electric heater (Watt)
Q. Heat released (Watt)

Qw-tec Capacity of cooling water by TEC (Watt)
N Number of TEC element
S Seebeck coefficient (V/K)
p Electrical resistivity (2 cm)

T Temperature (K)
AT Temperature difference ((K)
T, Cold side temperature of TEC (K)
T, Hot side temperature of TEC (K)
K Thermal conductivity (W/cm.k)
Iph Liters per hour
Z Figure of merit (s?/(p x)) (k™1)
ZT Dimensionless figure of merit
G Geometry factor of TEC (area /length) (cm)
P Peltier coefficient (P =S * T,)
P Power (W)

C.0.P  Coefficient of performance
I Current (amp)
Sm Device seebeck voltage (V/K)
R Device electrical resistance (Ohm)
K Device thermal conductivity (W/K)

Sub
opt Optimum value
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